The emetic action of Met-enkephalin, morphine and naloxone was studied following their administration into the cerebral ventricles of dogs through chronically implanted cannulae and the effect on the responses of ablating the chemoreceptor trigger zone (CTZ) was investigated. The opiate antagonist, naloxone, was used to determine the role of enkephalin receptors in emetic responses.
Introduction
The presence of enkephalins in the CNS suggests a neurotransmitter role for these substances and they seem to serve as ligands for the enkephalin-opiate receptors (Hughes, 1975; Simantov & Snyder, 1976; Johansson, Hokfelt, Elde, Schultzberg & Terenius, 1978) . Morphine is the prototype opiate and is chemically allied to the strongest emetic agent apomorphine. In man, vomiting is a common side effect of narcotic agents. Emesis to morphine has been reported in dogs (Wang & Galviano, 1954) and cats (Borison, Fishburn, Bhide & McCarthy, 1962) and the emetic responses to morphine as well as apomorphine are successfully blocked by ablation of the emetic chemoreceptor trigger zone (CTZ) which is topographically distinct from the vomiting centre. Since the narcotic antagonist, naloxone, specifically antagonized the emetic .response to morphine but not that to apomorphine (Costello & Borison, 1977) , and halo-0007-1188/81/030471-05 SO1.00 peridol had opposite effects in this respect (Gylys, Doran & Szaraz, 1974) , the receptors for the emetic action of morphine and apomorphine in the CTZ appear to be different.
The present study was carried out to investigate the emetic effect of intraventricular administration of Met-enkephalin, morphine and naloxone in dogs and to study the influence of CTZ ablation on the responses. Furthermore, the protective effect of naloxone was studied against the emetic response to Met-enkephalin, morphine and apomorphine to determine the role of enkephalin receptors in the emesis induced by morphine and apomorphine.
Methods
A total of 51 dogs of either sex weighing between 8 and 12 kg were used in the present study. Chronic implantation of a metal cannula into either a lateral cerebral ventricle or into the IVth ventricle was performed aseptically under pentobarbitone sodium anaesthesia, according to the method described by Bhargava & Dixit (1968) . The correct placement of cannula was ascertained by withdrawal of clear cerebrospinal fluid from the cannula, by a postive emetic response to an injection of apomorphine into the cannulated lateral (2 jg) or IVth ventricle (0.5 jig) 3 to 4 days after the implantation and, finally, on autopsy.
Bilateral ablation of the chemoreceptor trigger zone (CTZ) was carried out by gentle thermal cauterization of a small discrete area in the lateral border of the area postrema of the floor of the IVth ventricle in the medulla oblongata, under aseptic conditions. Streptomycin (0.5 g) and penicillin ( The drug solutions were prepared in sterile 0.9% w/v NaCl solution (saline). All drugs injected into the ventricle were administered in a volume not exceeding 0.2 ml and were followed by 0.2 ml saline.
The drugs used in the study were apomorphine hydrochloride (Mallinckrodt, Chemical Works, New York), naloxone hydrochloride (by courtesy of Endo Laboratories Inc., New York), methionine enkephalin (by courtesy of Prof. J.C. Schwartz, Paris), copper sulphate and morphine sulphate (Government Opium and Alkaloid Works, Ghazipur, India).
Results
Emetic response to Met-enikaphalini, morphinte and naloxoiie
The results of emetic studies with Met-enkephalin, morphine and naloxone when administered through the lateral and/or the IVth ventricles are summarized in Table 1 . Met-enkephalin. when injected into the IVth ventricle, elicited a consistent emetic response in (40) 213 (213) 170-172 (171) 161-183 (172) 153-177 (165) 105 (105) 70-80 (75) [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] (70) 258-268 (263) 253 (253) However, naloxone failed to protect against apomorphine-induced emesis (Table 3) .
Discussion
From Enkephalins have been located in brain neurones and there is a dense population of these neurones in the brain stem region (Johansson et al., 1978) . Enkephalins have also been detected in the cerebrospinal fluid (Terenius & Wahlstrom, 1975) and are thus readily accessible to the superficially located CTZ in the area postrema on the floor of the IVth ventricle. Catlin, George & Li (1978) observed a typical emetic response to low doses of intravenous human ,B-endorphin which was blocked by prior administration of naloxone. The CTZ is a periventricular structure which is readily accessible from the cerebrospinal fluid as well as the blood stream. It is our contention that endorphin-induced emesis arises from stimulation of enkephalin receptors in the CTZ. Hatcher & Weiss (1923) demonstrated emesis by direct application of morphine to the floor of the IVth ventricle. Wang & Glaviano (1954) found that parenteral or oral morphine was totally ineffective in evoking emesis in CTZ-ablated dogs. Bhargava, Gupta & Chandra (1961) reported that extremely low doses of apomorphine elicited emesis when injected into the lateral ventricle and CTZ ablation rendered the dogs refractory. Similarly, ablation of the CTZ eliminated the emetic response to i.c.v. apomorphine and morphine in cats (Costello & Borison, 1977) . These workers found that the anti-emetic dose requirement of morphine was less than that required to evoke emesis. Moreover, morphine continued to exert its anti-emetic effects in CTZ ablated animals. They contend that while the emetic action of morphine is at the CTZ, the anti-emetic effect is through inhibition of a synaptic mechanism at the deeper lying vomiting centre in the reticular formation.
In the present study, the 100% emetic dose of morphine injected into the lateral ventricle was 2.5 jg/kg. The latency of the response was 2 to 3 min. However, only 0.5 jg/kg of morphine was required to elicit a consistent emetic response when injected into the IVth ventricle and the latency of the response was reduced to approx. I min. The emetic responses to intraventricular morphine were completely blocked by prior ablation of CTZ. (Kosterlitz & Leslie, 1978) . In the present study the emetic effects of Met-enkephalin and morphine (unlike apomorphine) were also selectively blocked by naloxone. We believe that morphine induces emesis by an action on the enkephalin receptors in the emetic trigger zone and apomorphine may be acting on dopamine receptors in the CTZ. There is already evidence in support of histamine receptors in the chemoreceptor trigger zone (Bhargava & Dixit, 1968; Bhargava, Dixit & Palit, 1976) . Thus, there may be a variety of receptors in the CTZ.
Naloxone, as discussed above, prevented the emesis induced by Met-enkephalin and morphine, in a dose of 1 to 8 jg/kg (see Table 3 ). Higher doses of naloxone, on the other hand, elicited an emetic response and the 100% emetic dose was found to be 160 jig/kg. The latency of the emetic response was about 3 min. Similar results have been obtained by Costello & Borison (1977) in the cat. Since ablation of the CTZ did not afford any protection against naloxone-induced emesis, an agonist action of naloxone (high doses) on the receptors in the CTZ can be excluded as the site of emetic action in dogs. The site of action of naloxone-induced emesis remains unexplored.
The significance of enkephalin-receptors in the emetic CTZ lies not only in the emetic response to opiates; they may be playing a key-role in emesis as-sociated with various states where the levels of enkephalin in the CNS may be elevated. It would be interesting to estimate the levels of enkephalin in the CSF obtained from patients who exhibit vomiting as an important symptom, arising, for example, from intracranial space-occupying lesions.
